or Gd(OH) 3 in water at 80ЊC for 12 hr. gands were characterized using 1 H NMR spectroscopy and mass spectrometry, and final products were purified on a Sephedex G-25 column and characterized by mass spectrometry.
Relaxivity measurements were acquired by taking the slope of a plot of T 1 Ϫ1 versus concentration. Measurements were taken in 10 mM 3-(N-morpholino)propane sulfonic acid (MOPS), 100 mM sodium chloride, 20 mM sodium bicarbonate, and 4 mM sodium phosphate monobasic at pH 7.41, 59.97 MHz, and 37ЊC. Since the exact nature of the counter-anion to arginine was not known, gadolinium concentrations for relaxivity measurements were determined by ICP of the measured solutions. There is a high probability that the counteranions were TFA [21, 22] . Determination of the gadolinium concentration by ICP-MS allows for the calculation of the molar concentration without knowing the exact identity of the counter-anions.
Octanol-water partition coefficients were obtained by dissolving 7-12 mg of 4, 5, or 6 into mixtures of 500 l water and 500 l 1-octanol. The resulting mixture was shaken vigorously for 2 hr on a Lab-Line lab rotator (model number 1304). The solvent layers were allowed to separate, and 400 l of each layer was removed. The solvent was removed under reduced pressure, and the mass of material from each layer was measured. The Relaxivity values and octanol-water partition coefficients are listed in Table 1 .
All cell experiments described in this paper were re- To determine the toxicity of 7, 8, and 9, a 3-(4,5-incubator. At the end of the incubation period, the medium was removed and the cells were rinsed in triplicate dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide (MTT) assay was performed. Mouse fibroblast, NIH/3T3 cells with DPBS at ambient temperature. The cells were exposed to 250 l of 0.25% trypsin and harvested, at which were plated at 150,000 cells/ml in a Costar 96-well plate (polystyrene, flat bottom, tissue-culture treated, black point they were counted using a hemacytometer and checked for viability using a trypan blue assay [23] . The with clear bottom) and incubated overnight. Solutions of 7, 8, and 9 in DPBS were added to the wells to give average number of cells per flask ranged from 4,500 to 15,000 and increased with increasing incubation time. concentrations ranging from 1 mM to 44 mM. The plate was incubated for 1 hr, at which point 10 l of MTT was All cells were Ͼ98% viable after exposure to 7, was incubated with 4, 5, or 6 (0.3 mM in modified DMEM containing 10% BCS) for 1 hr at 37ЊC in a 5% carbon BCS in a 5% carbon dioxide incubator. At the end of the incubation period, the medium was removed, and dioxide incubator. At the end of the incubation period, the medium was removed and the cells were rinsed the cells were rinsed in triplicate with DPBS at ambient temperature. The cells were exposed to 100 l of 0.25% in triplicate with DPBS at ambient temperature. Fresh medium (5 ml) was applied to the cells, and they were trypsin and harvested; they were then counted using a hemacytometer. There was an average of 140,000 cells returned to the incubator. After periods of 24, 48, 72, and 96 hr, the medium was removed and replaced with per well. The trypsin/cell suspensions were incubated with concentrated nitric acid at 80ЊC for 4 hr. The disfresh medium after triplicate rinsing with DPBS. The removed medium was analyzed for gadolinium concensolved cells were diluted to 5 ml. The final cell solutions were in 3% nitric acid with 5 ppb of indium as an internal tration using ICP-MS. After removal of the medium at 96 hr, the cells were exposed to trypsin and prepared standard. The samples were analyzed by ICP-MS. The amount of gadolinium per cell was calculated and is for ICP-MS as described previously. This process was repeated with sampling times of 1, 3, 6, and 10 hr. The shown in Figure 2 .
In determining the effect of incubation time on uptake results of these experiments are shown in imaging experiment is shown in Figure 6 . It can be seen To determine the effect of varying polyarginine oligomer length on T 1 enhancement upon uptake by NIH/3T3 cells, experiments were performed using a Bruker mq 60 NMR Analyzer. NIH/3T3 cells were grown in Corning brand tissue culture flasks (75 cm 2 with vent cap) using DMEM modified to contain 4 mM L-glutamine, 4.5 g/l glucose, and 1.5 g/l sodium bicarbonate, supplemented with 10% BCS. Cells were incubated with 0.3 mM 4, 5, or 6 in modified DMEM containing 10% BCS for 1 hr at 37ЊC in a 5% carbon dioxide incubator, at which time they were rinsed three times with DPBS (2-3 ml) maintained at ambient temperature to insure removal of extracellular and unbound contrast agent. The cells were exposed to 250 l of 0.25% trypsin and harvested; they were then counted using a hemacytometer and checked type specific because they label some cell types more mM) was minimal and did not appear to change. From heavily than others. Additionally, the time necessary to 0.1 mM to 3 mM, a dramatic increase in uptake occurred, label cells enough to be visualized by MRI is short (Յ0.5 corresponding to increasing incubation concentration. hr). This is a critical experiment that demonstrates the This trend ceased at 3 mM, at which point no increase ability of these agents to be employed in the study of in uptake was observed with increasing concentration. biological phenomena using MRI. ICP-MS was used in this study because of the facile manner with which it allows for extreme accuracy and Significance precision in measuring a large quantity of samples quickly.
The preparation of a reliable intracellular delivery for probes offers the hope for an extremely powerful tool Interestingly, the amount of contrast agent taken up DMF (5 ml) were combined, and diisopropylethylamine (DIPEA) (1.6 for the study of in vivo biological activity and is the ml, 9.2 mmol) was added. The resulting solution was added to the subject of ongoing work in our laboratory. This work resin and allowed to react under argon for 3 hr. The resin was drained discusses the synthesis and physical characterization and rinsed four times with DMF. This procedure was repeated six of a series of three MRI contrast agents that are able times to yield a Fmoc protected 8-mer of polyarginine bound to to permeate cell membranes. The behavior of these Wang resin. The resin was treated with piperidine and washed with DMF as described above . In a separate vial, 1,4,7,10-tetraazacyclo- dodecane-1,4,7-tris(acetic acid-t-butyl ester)-10-acetic acid [DOTA (tris-t-Bu ester)] (1.1 g, 2.0 mmol), HATU (0.72 g, 1.9 mmol) , and examined using ICP-MS and T 1 analyses as well as DMF (5 ml) were combined, and DIPEA (1.7 ml, 10 mmol) was added.
modified MR agents in cell culture is examined in

depth. The cell culture properties of the agents were
MRI. The properties of the lanthanide complexes de-
The resulting solution was added to the resin and allowed to react scribed in this paper are well suited for use in the under argon for 12 hr. The solvent was removed and the resin was study of biological systems with MRI. 0 g, 4.6 mmol), O-(7-azabenzotriazol-1-yl)-1,1,3,3 -tetraGd isotope pattern centered at 1808.1, found Gd isotope pattern centered at 1808.1. methyluronium hexafluorophosphate (HATU) (1.7 g, 4.4 mmol) , and
